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INTRODUCTION.
Much has been written concerning the etiology of mastiffs. Lucet, Guillebeau, Steiger, Savage, Henderson, 1 and others have all isolated streptococci from inflamed udders. During the past year, of the 85 cases of mastiffs which have been examined, 54 have been associated with streptococci. Thirty-five cows were infected with the nonhemolytic type and seventeen with the hemolytic. In two instances both types were present.
Mastiffs is endemic in the herd that has supplied most of the material for this investigation. The disease is causing more serious losses every year. During 1916, 64 animals were disposed of because of diseased udders. In 1917, the losses increased to 71. Aside from the actual number of animals slaughtered there have been a considerable number of milder cases which recovered. The milk from these animals is discarded as long as it contains flocculi. In addition, one or more quarters frequently atrophy after severe infection.
Streptococcic infections have occurred throughout the herd with extreme irregularity. Attempts to trace infection from one animal to another have usually resulted in failure. It seemed that there must be some source of infection aside from the clinical cases. Many have pointed out the danger of carrying infection on the hands of the milker. Even assuming that the milker might transmit the virus from a clinical case to other cows it could only account for a small 1 Henderson, J., J. Comp. Path. and Therap., 1904, xvii, 24. 735 number of infections, especially as the milkers are always instructed to exercise caution in milking known cases. Three possible sources of infection aside from clinical cases were pointed out in previous studies. Briefly, they may be enumerated as follows: (1) Streptococci are eliminated in the milk before symptoms appear. (2) Frequently they remain in the udder after the disease.has subsided. (3) Streptococci may gain access to the udder and persist for a time and then disappear without causing clinical manifestations of mastitis.
Williams 2 and others have suggested the genital tract as a source of infection and point out that mastiffs often follows retention of the placenta, metritis, etc. Hagin 3 in bacteriological examinations of the placentas of twenty cows was able to cultivate streptococci from the uterochorionic space in six instances. It is assumed that during parturition these organisms are washed down with the fluids over the buttocks, udder, and teats. They may thus gain access to the teat canal.
With these points in view the milk and the vaginal secretion of 50 cows in one barn in which mastitis had occurred with considerable frequency during the past year were examined. It was postulated that streptococci isolated either from the udder or from the vagina must possess cultural characters and agglutination affinities in common with those previously found associated with mastiffs before they could be considered of etiological significance. The writer 4, 5 in previous papers has shown that the streptococci found in udder inflammations produced a uniform acidity in dextrose, lactose, saccharose, and maltose. Many fermented salicin, others failed to do so. Milk was always coagulated. In addition, all the non-hemolytic streptococci were agglutinated by an antiserum produced 13y the immunization of an animal with one strain. The hemolytic types were likewise agglutinated with their specific serum. To conform to the mastiffs type, then, it was assumed that a streptococcus must produce acid in dextrose, lactose, saccharose, and maltose. Fer-mentation of salicin was considered variable. It should coagulate milk and be agglutinated by its group serum (hemolytic or nonhemolytic).
Examination of Milk Drawn Directly from the Udders.
Milk was always drawn directly into a sterile wide mouthed bottle. The cows were brushed, washed, and dried before the sample was drawn. The first few streams were discarded. A sample from each quarter was milked into the same bottle. The milk was iced at once and usually plated within an hour. 1 cc. of milk was added to 9 cc. of sterile 0.9 per cent sodium chloride solution and shaken .vigorously. 1 cc. of this mixture was added to 12 cc. of 2 per cent veal infusion agar and poured into a Petri dish containing 1 cc. of defibrinated horse blood and the whole mixed. After 24 hours incubation subcultures were made from colonies resembling streptococci. The various media were inoculated from the subcultures which had been proved to be streptococci. Table I shows the arrangement of the cows in the barn and those harboring streptococci in the udder.
From Table I it will be noted that sixteen cows were eliminating streptococci in the milk. During the observation which extended from March until June, 1918, mastiffs developed clinically in Cows 10, 21, and 23. Records of the cows showed that during the lactation periods Cows 7; 8, 10, 23, and 37 suffered from mastiffs. They had apparently recovered before the milk examinations were begun. The milk from Cows 6, 13, 20, 22, 25, 26, 41 , and 50 had never been rejected because of udder inflammation. It must be recognized that such conditions may have been so mild that they escaped detection.
In Tables II and III the morphological and biological characters of the non-hemolytic and hemolytic streptococci isolated from the udders of these apparently normal cows are given. The figures given in the column beneath the various test substances represent the net amount of acid produced in a 1 per cent solution after 5 days incubation.
Since both the non-hemolytic and hemolytic streptococci isolated from the udder were identical in their cultural characters with those Tables IV and V.  TABLE II .
Morphological and Biological Characters of the Non-Hemolytic Streptococci Isolated from the Udders of Cows in Table I .
3ouillon.
Growth in bouillon.
Turbid. ~c Clear. Turbid.
Milk.
Firmly coagulated. In addition to the udder, the genital tract of cows was considered a possible source of infection. Mohler and Traum 6 while investigating contagious abortion made bacteriological examinations of the vaginm of nine normal cows. A considerable number of species of organisms were identified, among them Streptococcus pyogenes boris and Streptococcus pyogenes albus. Detailed descriptions of the characters of each species were not given.
Bacteriological examinations of the vaginae of the 50 cows previously referred to and others that had recently aborted or passed through normal parturition were made. Sterile swabs were inserted into the vagina for a distance of 6 or 8 cm. Within an hour these swabs were agitated for a few seconds in a tube containing 9 cc. of 0.9 per cent sterile sodium chloride solution. After shaking the suspension briskly for a few seconds three platinum loopfuls of the mixture were inoculated into 12 cc. of melted agar cooled to 45°C. The melted agar was poured into a Petri dish containing 1 cc. of sterile defibrinated horse blood and after mixing thoroughly, incubated for 24 hours at 38°C. Subcultures were made from colonies resembling streptococci.
In all, 34 strains of non-hemolytic streptococci have been isolated from the vaginm of 64 cows. In no instance have hemolytic streptococci been found.
The morphological and cultural characters of all the streptococci isolated from the vagina of cows are given in Table VI . They have been arranged in groups according to their action upon the various test substances.
As a matter of convenience, grouping on the basis of salicin fermentation has not been carried out, especially as acid production by mastitis streptococci in salicin has not been constant. The largest group, representing seventeen strains, attacks mannite. These streptococci have not been found to be associated with mastitis in any of the material studied. The next largest group of eleven strains fails to attack raffinose, inulin, and mannite, and approaches more nearly the types of streptococci which I have isolated from 6 Mohler, J. R., and Traum, J., U. S. Dept. Agric., Bureau Animal Industry, 28th Ann. Rep., 1911, 147 cases of mastitis. Careful examination of the characters of this group, however, reveals distinct differences in many instances. Strains V. 16, V. 21,V. 25B.,and V.49 are low in acid production in the substances which they ferment; in addition, they fail to coagulate milk or produce only su~icient acidity to clot it after boiling. Culture V.29 corresponds somewhat closely with the non-salicin-fermenting type of mastiffs streptococci but fails to coagulate milk. The acidity produced by Culture V. 41 is extremely low. In the main the surface colonies on horse blood agar plates have differed from those produced by mastitis streptococci. Vaginal streptococci as a rule produce very tiny, delicate, raised, almost transparent colonies which rarely reach a diameter of 1 ram. after 48 hours incubation. Exceptions, however, are noted in the case of Strains V. 13, V. 14, V. 29, and V. 31. Here the colonies were larger and a trifle more opaque and flattened. Cultures V. 13, V. 14, V. 31, V. 32, and V. 44 possess many characters in common with the streptococci usually associated with mastitis.
As a further means of identification it was decided to test agglutination affinities of the vaginal strains more nearly approaching the mastiffs type. The results are shown in Table VII .
The characters of the other six strains of streptococci recorded in Table VI differ to such an extent from those previously isolated from inflamed udders that it seemed useless to consider them further.
Of the 34 vaginal strains two (Strains V.13 and V.14) possessed morphological and cultural characters as well as agglutination affinities in common with the non-hemolytic streptococci associated with mastiffs. It has been difficult to trace the mode of infection. Table I is indicative that infection may take place directly from animal to animal. Cows 7 and 8 both carried hemolytic streptococci, but Cow 6, a neighbor of Cow 7, was infected with the non-hemolytic type. Cow 9 failed to harbor streptococci and Cow 10, which developed mastiffs while under observation, eliminated the hemolytic type. Her neighbor, Cow 11, carried a pure culture of non-hemolytic streptococci. It will be observed that the infections traceable to contact are in the minority. This is especially true of Cows 33, 37, 41, and 50. Two other methods of transfer aside from contaminafion with vaginal discharges remain: (1) transmission of the specific organisms on the hands of the milker and (2) on the currycombs, brushes, cloths, etc., used in washing the cows.
The "gang" system of milking is employed. Each man is assigned a cow; after milking he washes his hands with soap and cold water and dries them on a fresh towel. He is then assigned to another cow. In this way one man milks one, two, or three cows irregularly spaced in each barn. Could it be shown that the milker really transmitted the virus on his hands, the irregular occurrence of infections would be readily explained.
The following experiment was devised to test this point. A milker who was known to soil his hands with milk during the process of milking was assigned to milk a cow (No. 10, Table I ) known to be eliminating hemolytic streptococci. Before milking, his hands were scrubbed with soap and water and disinfected for 2 minutes in 1:1,000 solution of mercuric chloride. After again washing in water and drying on a clean towel, sterile salt solution was poured over the palms and backs of the hands and collected in a sterile bottle. Salt solution suspensions were prepared with scrapings from beneath the finger nails. His hands were then dried on a fresh towel. After milking, the palms were again rinsed with salt solution. The washings were collected in a sterile bottle. Material from beneath the finger nails was suspended in sterile salt solution. The milker was then instructed to wash his hands in the usual manner (soap and cold water) and dry them. Final washings with salt solution were then collected and scrapings made from the finger nails. The washings and suspensions were brought to the laboratory and plate cultures prepared at once. Series A.--Plate cultures from washings of hands before milking failed to contain hemolytic streptococci.
Series AA.--Plates prepared from suspensions o~ nail scrapings before milking failed to contain hemolytic streptococci.
Series B.--Plates prepared from washings of hands after milking contained hemolytic streptococci.
Series BB.--Plates prepared from suspensions of nail scrapings after milking contained hemolytic streptococci.
Series C.--Plates prepared from washings of hands after milking, washing, and drying hands, contained hemolytic streptococci.
Series CC.--Plates prepared from suspensions of nail scrapings after milking, washing, and drying hands did not contain hemolytic streptococci.
To prove definitely that the streptococci found on the hands of the milker were identical with those in the udder, subcultures were inoculated into various media, incubated, and titrated. They were tested with their specific group serum. The results are given in Tables VIII and IX. The experiment seems to show that a careless milker may easily carry the virus from an infected to a non-infected cow. This evidence Washing the hands with soap and cold water will not rid them of the virus. A ,similar experiment was attempted with the non-hemolytic streptococci. They were recovered even after washing. They are more difficult to recover from the plates because the deeper colonies fail to reveal the more definite characters of the hemolytic types. Experimental evidence covering infections transmitted by the utensils, water, and cloths used in washing the cows is not available. It seems that if this were the usual method of transmission three or four neighboring animals would be harboring streptococci of the same type. Such has not been frequent.
DISCUSSION.
Infection of the hind quarters of the udder with streptococci has been more frequent than of the fore quarters. In a number of instances the disease appeared immediately after parturition. This was particularly observed in infections associated with the hemolytic types. The evidence was suggestive of infection of genital origin. Bacteriological examination of the vagina of 64 cows revealed, however, non-hemolytic streptococci identical with those associated with mastitis in only two instances. Hemolytic streptococci have not been isolated from the vagina in a single instance. It must be borne in mind, however, that this may not hold true in other herds. All the animals in this study cannot be regarded as normal individuals. A mucopurulent discharge from the vagina was observed in a considerable number of cows. Many had aborted. Others were suffering from vaginitis or metritis. Retention of the placenta had occurred in several instances.
One point which may be of value to those concerned in the study of public health problems is the number of apparently normal cows actually shedding streptococci in the milk. In previous papers it has been shown that these organisms may gain access to the milk supply. It was not known to what extent this held true, but the milk from sixteen cows among 50 in one barn contained streptococci. Nine were harboring the hemolytic type. While the number of cows eliminating such organisms in the milk may not be so high in the average as in this herd, nevertheless, they must exist to a considerable degree. The number of infected samples from this barn is sufficient to enable one to isolate streptococci from samples of the whole supply, The milk is sold as raw milk. If the bovine streptococci associated with mastiffs and identical with them were capable of causing tonsillitis in persons consuming the milk from this dairy, these conditions would have aroused attention and caused an investigation of the milk supply. Such has not been the case.
It must be remembered that in the herd from which a large proportion of the material was obtained the incidence of mastitis was high. In herds where the incidence is low the probable number of carriers would be proportionately low.
CONCLUSIONS.
1. The principal sources of streptococcic infection, aside from clinical cases, are apparently normal cows which carry the virus in the udder.
2. These carriers may be grouped as follows: (a) those that have been infected recently and have not yet developed symptoms; (b) those that have suffered from inflammation of the udder and after recovery still harbor streptococci; (c) those that have had no clinical history of mastitis. There is some evidence to lead one to regard the latter group as naturally immune.
3. A milker may readily carry streptococci on his hands from an infected to an uninfected cow.
4. The vaginae of 34 of the 64 cows examined contkined nonhemolytic streptococci. Of the 34 strains isolated 32 differed in their cultural characters and agglutination affinities from those associated with mastiffs. The other two strains may be regarded as of etiological significance. 5. In no instance have hemolytic streptococci been isolated from the vagina.
